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(54) PROCESS FOR THE PRODUCTION OF ARTICLES COVERED WITH SILICA-BASE COATS 

(57) Coating liquid prepared by dissolving an acid 
and a silicon alkoxide into alcohol, containing at least 
one of either a silicon alkoxide or a hydrolyzate thereof 
(including a partial hydrolyzate) in an amount of 0.010 
to 3% by weight (in terms of silica), ah acid in terms of 
0.0010 to 1 .0 normality, and water in terms of 0 to 10% 
by weight is coated on a substrate to produce an article 
coated with a silica-based film. By this method for pro- 
ducing a silica-based film coated article, an excellent sil- 
ica-based film coated article can be obtained without 
requiring baking and pretreatment. Furthermore, a func- 
tional film coated article excellent in durability can be 
produced in a short period of time and safely by using 
the abovementioned silica-based film as a primer film 
and applying thereon an organosilane having a hydro- 
lyzable group and a functional group having a specific 
function or a hydrolyzate thereof. 
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Description 

Technical Field 

5 [0001] The present invention related to a method for producing an article comprising a substrate such as ceramics, 
plastics, metals or the like supporting thereon a silica-based film coated article, a silica-based film-coated article, a liq- 
uid composition for silica-based film coating, a method for producing an article comprising the silica-based film support- 
ing thereon a functional film coated, and a functional film-coated article. 

10 Background Art 

[0002] There are known various technologies in which a silica primer film or other oxide primer films are provided 
between a substrate and a functional film in forming a functional film on the surface of the substrate such as glass or 
other material, for the purpose of improving bonding strength between the substrate and the functional film, and pre- 
75 venting diffusion of an alkali component and improving durability of the functional film when the substrate contains an 
alkali component. 

[0003] As methods for providing this oxide primer film, there are known sol-gel methods (Japanese Patent Publication 
No. 20781 of 1 992, Japanese Laid-Open Patent No. 311 332 of 1 990). methods in which a solution prepared by dissolv- 
ing chlorosilane in a non-aqueous solvent is applied (Japanese Laid-Open Patent No. 86353 of 1993, Japanese Patent 

20 No. 2525536 (Japanese Laid-Open Patent No. 238781 of 1993)), CVD methods, vapor deposition methods and the like. 
[0004] In these methods, the.main point thereof is the increase in the number of hydroxy! groups on the surface of the 
primer film for improving bonding strength with the functional film. However, there have been problems in that the 
hydroxy! group on the surface of the primer film tends to adsorb water contained in air, if water is once adsorbed, it is 
difficult to remove it with any ease, so heating is necessary at about 100 to 200°C in applying the functional film (the 

25 abovementioned Japanese Patent Publication No.20781 of 1992, Japanese Laid-Open Patent No. 311332 of 1990, 
Japanese Laid-Open Patent No. 238781 of 1993) or treatment for a long period of time is necessary even when heating 
is not necessary (the abovementioned Japanese Laid-Open Patent No. 86353 of 1993). 

[0005] In the methods in which the oxide primer film is formed (the abovementioned Japanese Laid-Open Patent No. 
311 332 of 1990, Japanese Patent No. 2525536), strength of the primer film itself is low by only applications at normal 

30 temperatures, therefore, baking at a temperature of about 500 to 600°C after the application is indispensable when 
increasing strength. Furthermore, when the substrate contains an alkali, it is necessary to form an oxide primer film 
having a thickness of 1 00 nm or more for preventing diffusion of the alkali during the baking. However, there have been 
problems in that when the thickness of the primer film increases, the film thickness tends to become uneven, appear- 
ance failures such as reflection unevenness and the like tend to occur, production cost increases, and the like. 

35 [0006] Furthermore, in the method in which a solution prepared by dissolving tetrachlorosilane into a non-aqueous 
solvent such as pert luorocarbon, methylene chloride and hydrocarbon is applied (the abovementioned Japanese Patent 
No. 2525536). scratch resistance is low though a silica primer film is obtained at norma! temperatures. A chlorosilyl 
group has extremely high reactivity, and in the case of a coating solution, it is necessary to conduct the coating under 
an environment containing no storage water, whereby the production cost is consequently undesirable. 

40 [0007] An object of the present invention is to solve the abovementioned problems of the prior art and to provide a 
method for producing in a short period of time and with ease a silica-based film-coated article excellent as a primer film 
and a functional film-coated article excellent in durability without requiring treatment leading to an increase in produc- 
tion costs such as baking and the like. 

45 Disclosure of invention 

[0008] In the present invention, a silica-based film which is durable and has an alkoxyl group on the surface is coated 
on the surface of a substrate by applying on the substrate an alcohol solution composed of a silicon alkoxide in low con- 
centration and a volatile acid in high concentration and drying at a normal temperature, and a functional film is allowed 
so to be bonded to the substrate securely by applying on this silica-based film an organosilane having a hydrolyzable 
group and a functional group having a specific function, for solving the abovementioned problems. 
[0009] Namely, the present invention is a method for producing a silica-based film-coated article by applying on a sub- 
strate a coating liquid composed of an alcohol solution containing a silicon alkoxide and an acid, wherein said coating 
liquid comprises; 

55 

(A) at least one of either a silicon alkoxide or a hydrolyzate thereol (including a partial hydrolyzate), 0.010 to 3% by 
weight (in terms of silica) 

(B) an acid 0.0010 to 1.0 normality, and 
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(C) water 0 to 10% by weigh*. 

[0010] The contents of the component (A) of 0.010 to 3% by weight (in terms of silica) is applicable when a silicon 
alkoxide and a hydrolyzate thereof are used alone, respectively, and also when they are mixed for use. 

5 [0011] In the present invention, the silicon alkoxide used in the abovementioned coating liquid is not particularly 
restricted, and examples thereof include tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane 
and the like, and preferably, silicon alkoxides having relatively low molecular weight for example, tetraalkoxysilanes 
having an alkoxyl group with 3 or less carbon atoms is used since they tend to form a compact film. Furthermore, pol- 
ymers of these tetraafkoxisilanes having an average polymerization degree of 5 or less are preferably used. 

10 [0012] As the acid catalyst used in the abovementioned coating liquid, volatile acids such as hydrochloric add, 
hydrofluoric acid, nitric acid, acetic acid, formic add, trif luoroacetic acid and the like are preferable since they vaporize 
and do not remain in the film by drying at normal temperatures, and among them, hydrochloric acid which has high vol- 
atility and of which handling is relatively easy is particularly preferable. 

[0013] Furthermore, the alcohol solvent used in the abovementioned coating liquid is not particularly restricted, and 
is examples thereof include methanol, ethanol, 1-propanol, 2-propanol. butyl alcohol, amy! alcohol and the like. Among 
them, linear saturated monohydric alcohol having 3 or less carbon atoms such as methanol, ethanol, 1 -propanol, 2-pro- 
pano! and the like is preferably used since evaporation speed thereof at normal temperatures is high. 
[0014] In the coating liquid composed of an alcohol solution containing a silicon alkoxide, an acid and water (including 
that used for dissolution of the add, that is generated from impurities in the solvent and from the atmosphere, and the 
20 like), hydrolysis reaction represented by the following formula (1) between a silicon alkoxide and water is carried out, 
during preparation, during storage and after application of the liquid. In the formula, R represents an alkyl group 

(-Si^0R)+(H 2 O)->(-Si-OH)+(ROH) (1) 

25 [001 5] The hydrolyzed silanol groups (-Si-OH) mutually cause dehydration condensation reaction as shown in the fol- 
lowing formula (2) to form a siloxane bond (-Si-OSi-). 

(-Si-OHH-Si-OH)^(-Si-0-Si-)+(H 2 0) (2) 

30 [0016] Whether or not the coating liquid composed of an alcohol solution containing a silicon alkoxide, an acid and 
water, the alkoxy group in the silicon alkoxide causes hydrolysis reaction as shown in the abovementioned formula (1), 
or whether the hydrolyzed groups (-Si-OH) mutually cause dehydration condensation reaction as shown in the above- 
mentioned formula (2) in the abovementioned coating liquid or more depends significantly on the add concentration of 
the solution, the concentration of the silicon alkoxide or the hydrolyzate thereof, and water content. When the concen- 

35 tration and water content of the silicon alkoxide are lower, the abovementioned reaction (1) does not easily occur and, 
consequently, the abovementioned reaction (2) also does not easily occur. When the add concentration of the solution 
is within the pH range from 0 to 3, the abovementioned reaction (1) proceeds quickly, however, the abovementioned 
reaction (2) does not occur easily. 

[0017] In the present invention, the degree of polymerization of the silicon alkoxide in the coating liquid is kept as low 

40 as possible before application by repressing the abovementioned dehydration condensation reaction, and when this 
coating liquid is applied on the surface of the substrate and dried, the abovementioned reactions (1) and (2) are allowed 
to occur suddenly to form a siloxane bond, and it is thus possible to form a compact film at normal temperatures. 
[0018] If a silicon alkoxide is subjected to hydrolysis reaction and polycondensation reaction in a solution as in prior 
art, polymers mutually bond when the solution is applied on the surface of a substrate and dried, therefore, voids tend 

45 to be formed and a compact film is not formed, and curing by baking for obtaining a compact film is required. In the 
present invention, the silicon alkoxide in the coating liquid and hydrolyzate thereof (including a partial hydrolyzate) are 
preferably a monomer or a polymer of 20-mer or less. However, when the total amount of a monomer or a polymer of 
2-mer or less is 80% by weight or more based on the total amount of the silicon alkoxide and hydrolyzate thereof (includ- 
ing a partial hydrolyzate). a polymer of over 20-mer can be contained without causing problems. 

so [001 9] In the present invention, by keeping the concentration of the add catalyst in the coating liquid at 0.001 0 to 1 .0 
normality, pH of the coating liquid becomes 0 to 3, and particularly when pH is about 2. the hydrolysis reaction of the 
remaining alkoxyl group in the reaction formula (1) and dehydration condensation reaction in the reaction formula (2) 
do not easily occur in the coating liquid before application, and these reactions progress steeply directly after the coat- 
ing liquid is applied. The preferable concentration of the acid in the coating liquid is from 0.01 to 1 .0 normality. 

55 [0020] It is preferable that the acid to be added as a catalyst has a high concentration of 0.3-fold or more of water 
content, to keep the concentration of the acid in the coating liquid. Namely, when an add in the form of an aqueous solu- 
tion is used, an add of high concentration having a concentration of 23.1% or more, for example, an aqueous hydro- 
chloric add solution of about 6.3 normality or more is preferable. Furthermore, when an acid in the form of a solution 
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dissolved in ethanol is added as a catalyst, if this ethanol solution contains water, for example in an amount of 0.5% by 
weight or more, it is preferable that the concentration of the acid in the ethanol solution is 0. 1 5% by weight or more (0.3- 
fold of 0.5% by weight), for example, is 0.04 normality or more in the case of hydrochloric acid. 
[0021] It is preferable that the concentration of at least one of either the silicon alkoxide in the coating liquid or hydro- 

s lyzate thereof (including a partial hydrolyzate) is as low as possible, since the hydrolysis reaction of the remaining 
alkoxyl group in the reaction formula (1) and the dehydration condensation reaction in the reaction formula (2) do not 
easily occur in the coating liquid before the application, which is also dependent on pH of the coating liquid. However, 
when this concentration is too low, the thickness of the silica film becomes too low, for example, becomes less than 5 
nm, and uniform coating of the substrate becomes difficult, and when the substrate contains an alkali component, the 

10 ability to prevent diffusion of the alkali component tends to decrease and lower durability, and when a functional film is 
coated thereon, strong bonding of the functional film on the silica film becomes impossible. Furthermore, when the con- 
centration of at least one of either the silicon alkoxide or the hydrolyzate (including a partial hydrolyzate) is over 3% by 
weight, the thickness of the resulting silica film exceeds 300 nm, and the resulting film tends to be scratched and is not 
strong. Therefore, the range of the concentration of at least one of either the silicon alkoxide in the coating liquid or the 

75 hydrolyzate (including a partial hydrolyzate)(including a polymer of less than 20-mer) is from 0.010 to 3% by weight, 
preferably from 0.010 to 0.6% by weight in terms of silica. 

[0022] When the concentration of at least one of either the silicon alkoxide or the hydrolyzate (including a partial 
hydrolyzate) is kept relatively high, it is preferable to keep the concentration of the acid catalyst in the coating liquid rel- 
atively high. Specifically, it is preferable that the coating liquid contains (A) at least one of either the silicon alkoxide or 
20 the hydrolyzate (including a partial hydrolyzate) and (B) the acid, in a proportion of [the component (B) (normality)/the 
component (A) (% by weight)] 0.010 or more, and it is preferable still at 0.03 or more. 

[0023] When a large amount of water exists in the coating liquid, hydrolysis reaction of the silicon alkoxide is promoted 
in the liquid and dehydration condensation reaction tends to occur, and in drying after application of the coating liquid, 
unevenness of the film thickness tends to occur, therefore, it is preferable that the concentration of water in the coating 
25 liquid is as low as possible Therefore, the concentration of water in the coating liquid is from 0 to 10% by weight and 
preferably from 0 to 2% by weight. 

[0024] By thus maintaining the concentration of water in the coating liquid, the hydrolysis reaction of the remaining 
alkoxyl group in the reaction formula (1) and the dehydration condensation reaction in the reaction formula (2) do not 
easily occur in the coating liquid before the application, which is also dependent on keeping the pH in the coating liquid 

30 and keeping the concentration of at least one of either the silicon alkoxide in the coating liquid or the hydrolyzate thereof 
(including a partial hydrolyzate). Even if the concentration of water in the coating liquid is zero, the hydrolysis reaction 
is not disturbed since the film after being coated on the substrate absorbs water in air. However, since a usual alcohol 
solvent originally contains a small amount of water and the acid is often added in the form of an aqueous solution, the 
concentration of water in the coating liquid is usually 0.1% by weight or more. 

35 [0025] When the concentration of the acid catalyst in the coating liquid is kept relatively low, it is preferable that the 
water content of the coating liquid is kept relatively high, and, when the concentration of water in the coating liquid is 
kept relatively low, it is preferable that the concentration of the acid catalyst in the coating liquid is kept relatively high. 
Specifically, the coating liquid preferably contains the acid (B) and water (C) in an amount of [the component (B) (nor- 
mality) x the component (C) (% by weight)] of 0.0020 or more. For example, when the concentration of the acid catalyst 

40 in the coating liquid is less than 0.003 normality and the concentration of water is zero or very low, the hydrolysis reac- 
tion tends to be insufficient by water absorption only from air into the applied film. Therefore, it is preferable that a coat- 
ing liquid having a concentration of the acid catalyst of, for example, 0.0010 normality contains water in ah amount of 
about 2.0% by weight or more. 

[0026] When a silicon alkoxide and an acid are dissolved in the abovementioned proportion into an alcohol solvent 
45 and the resulting solution is stirred, mainly the silicon alkoxide forms a hydrolyzate by the reaction (1) and a part of the 
hydrolyzate causes dehydration condensation reaction by the reaction (2), in the solution. Thus, coating liquid is pre- 
pared, and in this coating liquid, the silicon alkoxide exists in the form of a monomer (including a hydrolyzate) or a pol- 
ymer of less than 20-mer. 

[0027] When the abovementioned coating liquid is applied on a substrate, the coated liquid that has formed a film has 
so increased the specific surface area, consequently, the alcohol solvent in the film quickly vaporizes, and the concentra- 
tion of at least one of ether the silicon alkoxide or the hydrolyzate thereof (including a partial hydrolyzate) increases 
steeply, the hydrolysis reaction and the dehydration condensation reaction (including further polycondensation reaction 
of the abovementioned polymer of less than 20-mer) which have been suppressed suddenly occur to form a large 
amount of siloxane bonds ( • • • Si-O-Si • • • ) in the applied f flm, and as a result, a film mainly composed of silica having 
55 high compactness and having a thickness of 5 to 300 nm is formed causing a strong bond between the surface of the 
substrate and the film. Thus, in the present invention, reactivity in film-forming is high, a film extremely compact is 
formed by reaction at room temperature, and baking thereafter is not necessary. 

[0028] As in the prior art, coating liquid before an application contains a large amount of siloxane bonds generated 
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by a dehydration condensation reaction, and when a polymer having a polymerization degree off 20 or more is con- 
tained, the resulting silica f flm contains siloxane bonds, however, siloxane bonds connecting the surface of the substrate 
and the silica f flm are not formed in such large amounts, therefore, the bond between the surface of the substrate and 
the silica film is not so strong. For reinforcing this bond, conventionally baking at higher temperatures is further required. 

5 [0029] Furthermore, according to the present invention, since hydrolysis reaction and dehydration condensation reac- 
tion of the silicon alkoxide partial hydrolyzate which has not been completely hydrolyzed in the abovementioned coating 
liquid progress simultaneously, an alkoxyl group is not hydrolyzed and remains on the surface of the formed silica film, 
and when a functional film is coated on this silica film as a primer film as described below, the adhesion of the functional 
. film can be improved. For forming a compact silica film by a conventional sol-gel method, it is necessary that the dehy- 

10 drated and concentrated silica film is usually heated at temperatures from 500 to 600°C. 

[0030] In the present invention, a compact silica film is formed only by natural drying or forcible drying at normal tem- 
peratures or at a temperature of 150°C or less for 30 seconds to 5 minutes after application of the abovementioned 
coating liquid. When the abovementioned applied film is heated at a temperature of 150°C or more, the silica film nei- 
ther increases the compactness further, nor improves adhesion of the functional film to be coated on the silica film. 

15 [0031 ] Whether an alkoxyl group remains on the surface of the abovementioned silica film or not is known by meas- 
uring the static water drop contact angle on the surface of the silica film. As described in examples below, the static 
water drop contact angle of the surface of the silica film according to the present invention is from 20 to 40°. In contrast, 
when a silica film is formed by the conventional sol-gel method and baked at a temperature of 500 to 600°C for com- 
pactness of the film, the value of the static water drop contact angle is several degrees or less. The reason for such a 

20 decrease in the static water drop contact angle is hypothesized in that though alkoxyl groups remain on the surface of 
the silica film before baking, the alkoxyl groups are decomposed by the abovementioned baking and the number of 
hydroxy! groups on the surface of the silica increases for hydrophilization. 

[0032] Even if a silica film having a hydroxyl group on the surface thereof is utilized as a primer film, and liquid for 
forming a functional film containing an organosilane is applied on the primer film, water in air bonds to a hydroxyl group 
25 on the surface of the silica primer film and water is adsorbed on the surface of the primer film before application of the 
organosilane, in a usual environment, therefore, ftns difficult to form a chemical bond between the silica primer film and 
the organosilane at normal temperatures. 

[0033] In the present invention, since the surface of the silica film has a large amount of alkoxyl groups remaining and 
a few hydroxyl groups, adsorption of water in air onto the surface of the primer film is believed to be prevented. There- 
30 fore, when liquid for forming a functional film containing an organosilane is applied on this silica primer film, a chemical 
bond can be formed between the silica primer f flm and the organosilane at normal temperatures and the functional film 
can be adhered securely to the silica primer film by a reaction between the alkoxyl group on the silica primer film and 
the silanoj group on the organosilane (hydroxyl group or hydrolyzed functional group). 

[0034] Also regarding surfaces of oxide-based primers, glass and ceramics, or hydrophilizated metal and plastics, it 
35 is difficult to form a chemical bond between applied organosilanes as described above,' however, according to the 
present invention, a functional film can be securely adhered to a substrate by forming on the surface of this substrate a 
silica primer layer having an alkoxyl group remaining. When this silica primer film is heated at high temperatures, the 
remaining alkoxyl group disappears, and a hydroxyl group is formed instead, therefore, when the functional film to be 
coated thereon is to be adhered securely, the silica primer film should not be heated previously at a temperature of over 
40 150°C. 

[0035] Furthermore, the silica film formed by the present invention has extremely excellent surface smoothness. 
Therefore, a functional film obtained by applying a functional organosilane on this silica film primer also has extremely 
excellent surface smoothness. Namely, the surfaces of the silica film and the functional film have an arithmetical mean 
roughness of (Ra) = 0.5 nm or less, particularly of 0.10 to 0.5 nm, and have a ten points mean roughness of (Rz) = 5.0 

45 nm or less, particularly of 1.0 to 5.0 nm. This surface roughness Ra and Rz can be measured using an atomic force 
microscope (AFM)(manufactured by SEIKO Electronics Co., Ltd., scanning type probe microscope "SPI3700". canti- 
lever; made of silicon m S\-UF2QT) by a method in which J IS B 0601 defined by two dimensions is enlarged to three 
dimensions. In this case, the measuring area of the sample was the square of 1 \xvn x i ujti, and the surface form was 
measured at a measuring point number of 512 x 256, a scanning speed of 1 .02 Hz and DFM (cyclic contact mode), cor- 

50 rection by a low-pass filter and leveling correction of measured data (curve was drawn by approximate least-squares 
method and fitted, inclination of data was corrected, furthermore, strain in the z axis was deleted) were conducted and 
values of the surface roughness Ra and Rb were calculated. 

[0036] One reason why a functional film coated on the silica-based film according to the present invention has excel- 
lent water-repellent performance, excellent low abrasion resistance, excellent water drop rolling property, excellent pol- 
55 lution resistance and excellent durability is assumed to be due to excellent smoothness of the surface of the functional 
film coated on a silica film having excellent smoothness. And the reason for this excellent smoothness obtained of the 
silica film is hypothesized as follows. Namely, it is estimated that a silicon alkoxide is uniformly dissolved in a solvent in 
the form of a monomer (including a hydrolyzate) or a polymer of 20-mer or less in coating liquid before application, and 
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after application, a compact silica fflm is formed at room temperature by effects of the existence of an acid catalyst in 
high concentration and a steep increase in concentration of the silicon alkoxide (including a hydrolyzate), therefore, 
excellent smoothness is obtained. 

[0037] In comparison, when a solution prepared by dissolving, for example, a chlorosilyl group-containing compound 
s such as tetrachlorosilane into a non-aqueous solvent is applied instead of the silicon alkoxide used in the present inven- 
tion, because of very high reactivity of the chlorosilyl group-containing compound, the reaction becomes ununiform, and 
the surface roughness of the resulting film is for example 7.9 nm in terms of arithmetic mean roughness of (Ra) or 29.8 
nm in terms of ten points mean roughness (Rz) manifesting poorer smoothness as compared with that of the present 
invention. 

10 [0038] The above mentioned illustrations relate to coated articles of a film composed of only silica, however, the 
present invention can be applied also to coated articles of a film mainly composed of silica. Namely, durability can be 
further improved by adding as a film component an oxide of an atom other than silicon such as aluminum, zirconium, 
titanium, cesium and the like and by substituting the silica in an amount of at most 30% by weight usually from 1 to 30% 
by weight in terms of the oxide to give a silica-based multi-component oxide film. Among them, aluminum and zirconium 
75 are preferable since they reinforce the primer itself and reinforce the bond with a functional film. When the amount 
added by the oxide of an atom other than silicon is less than 1% by weight, the effects by addition are not obtained, and 
when over 30% by weight, the compactness of the film is lost and durable film is not obtained. 
[0039] It is preferable that these oxides are added in the form of a chelated compound obtained by chemically modi- 
fying an alkoxide of these metals with p-diketone, acetic acid, trifluoroacetic acid, ethanolamine and the like. In partic- 
le ular, when a metal alkoxide is chemically modified with acetylacetone which is one p-diketone. stability of the solution 
is excellent and a relatively durable film is obtained. 

[0040] For producing the silica-based film-coated article according to the present invention, coating liquid composed 
of the abovementioned alcohol solution is applied on the surface of a substrate such as glass, ceramics, plastics, metals 
and the like under normal temperatures and normal pressure, and naturally dried or forcibly dried under normal temper- 

25 atures and normal pressure or at a temperature of 1 50°C or less for 30 seconds to 5 minutes. 

[0041 ] Since a hydrophilic group such as a hydroxyi group exists on the surface of a substrate such as glass, ceramics 
and metal, when the abovementioned coating liquid is applied, a film is formed on the substrate. However, depending 
on the kind of plastic substrates, the number of hydrophilic groups on the surface thereof may sometimes be low and 
wetting property with alcohol is poor, then, the coating liquid may be repelled on the substrate surface and a fflm may 

30 not be easily formed. In the case of such a substrate having a few hydrophilic groups on the surface thereof, it is pref- 
erable that the surface is previously treated by plasma containing oxygen or a corona atmosphere for hydrophilization, 
or the substrate surface is irradiated with ultraviolet rays having wavelengths of about 200 to 300 nm in an atmosphere 
containing oxygen to conduct hydrophilization treatment, then, silica-based film coating treatment is conducted. 
[0042] The method for applying the coating liquid for forming a silica-based film is not particularly restricted, and 

35 examples thereof include dip coat, flow coat, spin coat, bar coat, roll coat, spray coat, a hand applying method, a brush 
applying method and the like. 

[0043] According to the present invention, a compact and hard silica-based film can be formed on the surface of a 
substrate such as glass, ceramics, metal, plastics and the (ike without heating at high temperature. This film has the 
ability to block an alkali from the substrate, or is useful as a primer film for improving bonding strength between the sub- 

40 strate and a functional film, and a functional film can be formed such as a water-repellent film, oil repellent film, mist 
resistant film, pollution resistant fam, low abrasion resistant film, reflection resistant film or other optical film, electrically 
conductive film, semiconductive film, protective film and the like, by applying, for example, an organosilane having a 
hydrolyzable group and a functional group having a specific function or a hydrolyzate thereof (including a partial hydro- 
lyzate) onto the abovementioned silica-based fflm or by conducting other coating. 

45 [0044] The hydrolyzable group of the abovementioned organosilane is not particularly restricted, and examples 
thereof include halogen, hydrodien, alkoxyl, acyloxy, isocyanate and the like. In particular, the alkoxyl group is preferable 
since the reaction thereof is not extremely severe and handling thereof such as storage and the like is relatively easy. 
[0045] The coating method for water-repellent and oil repellent functional film is not particularly restricted, and meth- 
ods in which treatment is conducted using a f luoroaikyl group as a water-repellent functional group and an organosilane 

so having a hydrolyzable group are preferable. 

[0046] As the organosilane containing a f luoroaikyl group, perfluoroalkyl group-containing trichlorosilanes such as 

CFaCCFsJ^CHakSiCla. CFafCF^oCCKySifClk. CF3(CF2)9(CH2) 2 SiCl3. CF 3 (CF 2 ) 8 (CH 2 ) 2 Sia 3 . 
CFsCCFgMChyaSiCls. CFaCCF^CH^SiCIa, CFsfCF^CH^SiCls. CF 3 (CF 2 )4(CH 2 )2Sia 3 , 
55 CF 3 (CF 2 )3(CH2) 2 SiCI 3 . CF 3 (CF2)2(CH 2 ) 2 SiCI 3 . CFsCF^CH^gSiCla. CFsfCH^SiCIs; 

perfluoroalkyl group-containing trialkoxysilanes such as 
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CFafCHgkSiaaCFaCCFgJ^CHgfcSKOCHgfe. CF 3 (CF 2 ) 10 (CH2) 2 Si(OCH3)3. 
CFafCFgJaCCH^aSifOCH^. CF 3 (CF2)7(CH 2 )2Si(OCH 3 )3. 
CF 3 (CF2)5(CH2)2Si(OCH3) 3 , CF 3 (CF 2 )4(CH2)2Si(OCH 3 ) 3 . 
CF 3 (CF 2 ) 2 (CH 2 ) 2 Si(OCH 3 ) 3 . CF 3 CF 2 (CH2) 2 Si(OGH 3 ) 3 . CF 3 (CH 2 ) 2 Si(OCH 3 ) 3 , 
CFafCFahotCHaJsSKOCaHsfe, CF 3 (CF 2 ) 9 (CH 2 ) 2 Si(OC 2 H 5 ) 3 . 
CFaCCF^fCHaJgSKOCsHgJa. CF^CF^CH^SKOCaHg):}. 
CF 3 (CF 2 ) 4 (CH 2 ) 2 Si(OC 2 H 5 ) 3 . CF^CFaMCHafcSKOCaHsfe. 
CFaCF^CHafeSKOCaHsJs. CF^CHafeSipCsHsh ; 



CFatCF^CH^SKOCHafe. 

CFafCF^CHzfeSKOCHak. 

CF^CF^CHgfcSifpCBjfe. 
CFgtCFa), ^CHafeSKOCgHsJa, 
CF 3 (CF2)8(CH 2 )2Si(OC2H5)3. 
CF 3 (CF 2 ) 5 (CH 2 ) 2 Si(OC 2 H 5 ) 3 . 
CF 3 (CF2) 2 (CH 2 ) 2 Si(OC 2 H 5 )3. 



10 perfluoroalkyl group-containing triacyloxysilanes such as 

CF 3 (CF 2 ) 11 (CH 2 ) 2 Si(OCOCH 3 ) 3 , CF 3 (CF2) 10 (CH 2 ) 2 Si(OCOCH 3 ) 3 , CF 3 (CF 2 )g(CH 2 ) 2 Si(OCOCH3) 3 . 

CF 3 (CF2) 8 (CH2)2Si(OCOCH 3 )3, CF3(CF2) 7 (CH2) 2 Si(OCOCH 3 ) 3 , CF^CFsMCHgkSKOCOCHafe. 

CF 3 (CF 2 )5(CH 2 ) 2 Si(OCOCH3)3 > CF 3 (CF 2 ) 4 (CH 2 ) 2 Si(OCOCH 3 )3, CF^CF^CHaJaSifOCOCHafe. 

is CF 3 (CF2) 2 (CH2)2Si(OCOCH 3 ) 3 , CFaCF^CHafeSKOCOCHak, CF 3 (CH 2 ) 2 Si(OCOCH 3 ) 3 



20 
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30 
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perfluoroalkyl group-containing triisocyanatesilanes such as 

CFsfCFaJt i(CH2) 2 Si(NCO) 3 . CF 3 (CF 2 ) 10 (CH 2 ) 2 Si(NCO) 3 . CFaCCFaMCHafeSKNCOh. 

CF 3 (CF2)8(CH2)2Si(NCO) 3 , CF^CF^CH^aSifNCOfe, CF 3 (CF 2 ) 6 (CH2)2Si(NCO)3, CF 3 (CF2) 5 (CH2) 2 Si(NCO) 3 . 
CF 3 (CF2) 4 (CH2) 2 Si(NCO)3. CF3(CF 2 )3(CH2) 2 Si(NCO)3. CF 3 (CF2)2(CH2)2Si(NCO)3, CF 3 CF 2 (CH2) 2 Si(NCO) 3 . 
CF 3 (CH2) 2 Si(NCO)3 

can be exemplified. 

[0047] Furthermore, a functional film having water-repellent performance or low abrasion resistance can also be 
obtained by treatment using an organosilane containing an alkyl group. This organosilane is not particularly restricted, 
and organosilanes containing a straight-chain alkyl group having 1 to 30 carbon atoms and a hydrolyzable group can 
be preferably used. 

[0048] As the organosilane containing an alkyl group, alkyl group-containing chlorosilanes such as 

CH 3 (CH2)3oSiCI 3 , CH^CHafeoSiCIa, CHa(CH2) 18 SiCI 3 , CH 3 (CH 2 ) 16 SiCl3, CH 3 (CH2) 14 SiCl3, CH 3 (CH2) 12 SiCl3. 
CH3(CH2) 10 SiCl3. CHatCH^gSiQa, CH 3 (CH2) B SiCI 3 , CH 3 (CH2) 7 SiCl3, CH3(CH2) 6 SiCI 3 , CH^CHskSiCla. 
GH 3 (CH2) 4 SiCl3, CHatCHgJaSiCIs, CH 3 (CH 2 )2SiCI 3 , CH3CHaSiCI 3 , (CHgCHafeSiCI.,, (CH 3 CHa) 3 SiCI, CH 3 SiCI 3 , 
(CH3) 2 SiCl2, (CH3) 3 SiCI; 

alkyl group-containing alkoxysilanes such as 

CHafCHaJaoSifOCHak, CH^CHakoSiCOCHafe, CHafCHaJ^SiCOCHa^, CH 3 (CH 2 ) 16 Si(OCH3) 3 , 
CH 3 (CH 2 ) 14 Si(OCH3)3. CH3(CH2) 12 Si(OCH3)3, CH 3 (CH2) 10 Si(OCH 3 )3, Ch^CHafeSKOCHak, 
CH3(CHa) 8 Si(OCH3)3, CH3(CH2) 7 Si(OCH 3 )3, CH 3 (CH2) 6 Si(OCH3) 3 , CHaCCHahSKrcHak.CH^CHakSKOCHak. 
CH 3 (CH2) 3 Si(OCH 3 ) 3 , CH^CHzfeSKOCHsh, CH 3 CH2Si(OCH 3 )3, (CH 3 CH2) 2 Si(OCH3)2, (CH 3 CH2) 3 SiOCH 3 , 
CH 3 Si(OCH 3 )3, (CH 3 ) 2 Si(OCH3)2, (CHgfcSiOCHa, CH 3 (CH 2 ) 30 Si(OC 2 H 5 ) 3 , CHafCHaJajSiCOCzHg);,, 
CHsfCHzJ^SiCOCaHsJa, CHsCCH^eSKOCaHsk, CH^CH^SKOCgHsfe, CH^CHa^SKOCzHg);,. 
CH3(CH2) 10 Si(OC2Hs) 3 . CHa^H^SipCsHgfe, CH 3 (CH2) 8 Si(OC 2 H 5 ) 3 . CH 3 (CH 2 ) 7 Si(OC2H 5 ) 3 . 
CHatCHgkSif.OCj.Hsh. CH3(CH2) 5 Si(OC2H5)3. CH3(CH2) 4 Si(OC 2 H 5 ) 3 . CH3(CH2) 3 Si(OC2H 5 )3, 
CH 3 (CH2)2Si(OC2H5)3, CHaCHQSipCgHsk, (CH3CH2)2Si(OC2H 5 )2. (CH 3 CH2) 3 SiOC2H5, CH3Si(OC2H 5 ) 3 , 
(CHaJgSipCgHgJg, (CHafeSiOCaHg: 

alkyl group-containing acyloxysilanes such as 

CH 3 (CH2)3oSi(OCOCH 3 )3. CHatCHaJaoSKOCOCHa^. CH3(CH2) 18 Si(OCOCH 3 ) 3 . CH 3 (CH2) 16 Si(OCOCH 3 ) 3 , 
CH 3 (CH2) 14 Si(OCOCH 3 ) 3 . CH 3 (CH2) 12 Si(OCOCH 3 )3, CH 3 (CH 2 ) 10 Si(OCOCH 3 )3. CH 3 (CH 2 ) 9 Si(OCOCH 3 ) 3 . 
CHatCHaJsSitOCOCHafe, CH^CHahSiC.OCOCHafe. CH 3 (CH2)6Si(OCOCH3) 3 . CHsstCHakSKOCOCHafe. 
CH 3 (CH2) 4 Si(OCOCH 3 )3, CH^CHakSifOCOCI-ya. CH 3 (CH2) 2 Si(OCOCHa) 3 , CHsCKfeSitOCOCHsfe. 
(CHgCH^Si^COCHa^, (CHsCHafcSiOCOCHa, CH 3 Si(OCOCH3) 3 , (CHa)2Si(OCOCH 3 ) 2 . (CH 3 ) 3 SiOCOCH 3 ; 



alkyl group-containing isoycanatesilanes such as 
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CH 3 (CH2)3oSi(IMCO) 3 , CHatCH^oSKNCOk, CH 3 (CH 2 ) 18 Si(NCO) 3 , CH 3 (CH 2 ) 16 Si(NCO) 3 , CH 3 (CH2) 14 Si(NCO) 3 , 
CH 3 (CH2) 12 Si(NCO) 3i CHstCHaJioSKNCOJa, CH 3 (CH 2 ) 9 Si(NCO) 3 , CH 3 (CH2) e Si(NCO) 3 , CH 3 (CH 2 ) 7 Si(NCO) 3 , 
CH 3 (CH2) 6 Si(NCO) 3 , CH 3 (CH 2 ) 5 Si(NCO) 3 . CH 3 (CH 2 ) 4 Si(NCO) 3 , CH 3 (CH 2 ) 3 Si(NCO)3, CH 3 (CH 2 ) 2 Si(NCO) 3 . 
CH 3 CH 2 Si(NCO) 3 , (CH 3 CH 2 ) 2 Si(NCO) 2 , (CH 3 CH 2 ) 3 SiNCO, CH 3 Si(NCO) 3 . (CH 3 ) 2 Si(NCO) 2 . (CH 3 ) 3 SiNCO 

5 

can be exemplified. 

[0049] Furthermore, a functional film can be obtained which manifests low critical inclined angles at which a water 
drop starts to roil and low pollution adsorption or adhesion by conducting treatment using an organosilane having a 
polyalkylene oxide group and a hydrolyzable group in the molecule. 

10 [0050] As the abovementioned polyalkylene oxide group, a polyethylene oxide group, polypropylene oxide group and 
the like are mainly used. Examples of the organosilane having these groups include organosilanes such as 
[alkoxy(polyalkyleneoxy)alkyl]trialkoxysilane, N-(triethoxysilylpropyl)-0-po!yethylene-oxide urethane, [alkoxy(poly- 
alkyleneoxy)alkyl]trichlorosnane, N-(trichlorosilylpropyl)-0-polyethylene-oxide urethane and the like, and more specifi- 
cally. [methoxy(polyethyleneoxy)propyl]trimethoxysilane, [methoxy(polyethyleneoxy)propyl]triethoxysilane, 

15 [butoxy(po!ypropyleneoxy)propylJtrimethoxysilane and the like are preferably used. 

[0051 ] When this organosilane is dissolved in an alcohol solvent and hydrolyzed using an acid catalyst and the result- 
ing solution is applied on the abovementioned silica-based film (primer film), a de-alcohol reaction occurs between an 
alkoxyl group on the surface of the primer film and a silanol group of the organosilane and the primer film is bonded to 
the organosilane via siloxane bond without conducting heat treatment. When the hydrolyzable functional group of the 

20 abovementioned organosilane has high reactivity, for example, when the organosilane has a chloro group, isocyanate 
group, acyioxy group and the like, the bond between the primer film and the organosilane is formed by a reaction of the 
group with silanol co-existing with an alkoxyl group on the surface of the primer film or a small amount of water, there- 
fore, the abovementioned organosilane may be applied as it is without dilution or a solution prepared only by diluting 
the organosilane with a non-aqueous solvent such as perfluorocarbon, methylene chloride, hydrocarbon, silicone and 

25 the like may also be applied. As described above, a functional film can be securely adhered to a substrate by using as 
a primer film a silica-based film having an alkoxyl group remaining on the surface. 

[0052] The method for applying a functional film is not particularly restricted like in the case of the coating treatment 
of a silica-based film, and examples thereof include flow coat roll coat, spray coat, a hand applying method, a brush 
applying method and the like. 

30 

Best Mode for Carrying Out the Invention 

[0053] The following examples further illustrate the present invention. 
35 [Example 1] 

[0054] 0.4 g of tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ltd.) and 1 g of concentrated hydrochloric 
acid (35% by weight, manufactured by Kanto Kagaku) were added to 98.6 g of ethanol (manufactured by NAKARA- 
ITESK) while stirring to obtain silica film treating liquid. The contents of tetraethoxysilane (in terms of silica), hydrochlo- 
40 ric acid and water in this treating liquid are as shown in Table 1 . 

[0055] Then, 1 g of CF^CF^ChfefeSKOChya (heptadecafluorodecyltrimethoxysilane, manufactured by Toshiba Sil- 
icone K.K.) was dissolved in 98 g of ethanol, and 1.0 g of 0.1 normality hydrochloric acid was added and the mixture 
was stirred for 1 hour to obtain a water-repellent treating agent. 

[0056] The abovementioned silica film treating liquid was applied on a washed soda lime silicate glass substrate (300 
45 x 300 mm) at a humidity of 30% and at room temperature by the flow coat method, dried for about 1 minute, to coat the 
surface of the glass plate with a silica film having a thickness of about 40 nm. The hardness of this silica film was meas- 
ured in terms of pencil hardness. The film was scratched with a pencil having an "H" core, however, no flaw was formed. 
Furthermore, the abovementioned silica film treating solution was left for about 10 days at room temperature as it was, 
then, used to find completely the same result. 
so [0057] Then, 3 ml of the abovementioned water-repellent treating agent on a cloth was applied on the surface of the 
glass substrate coated by the silica film and adhered excess water-repellent treating agent was wiped off by a new 
cloth, to obtain a water-repellent treated glass. 

[0058] The initial static water drop contact angle on this water-repellent treated glass was measured at a water drop 
weight of 2 mg (hereinafter, simply referred to as contact angle), using a contact angle meter (CA-DT, manufactured by 
55 Kyowa Kaimen Kagaku). Regarding smoothness of the resulting film, the surface form was measured by using an 
atomic force microscope (SPI3700, manufactured by SEIKO Electronics Co.. Ltd.) at cyclic contact mode, and the sur- 
face toughness Ra and Rz was calculated. For the abrasion test, a cloth was attached to a reciprocating abrasion tester 
(manufactured by Shinto Kagaku), slid to and from 3000 times on the surface of the water-repellent film at a load of 0.3 
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kg/cm 2 , then, the contact angle was measured. The contact angle on the silica film surface before application of the 
water-repellent agent was also measured for reference. The contact angle of the clean glass substrate itself was about 
several degree or less. These measurement results are shown in Table 2. 

[0059] The surface of the water-repellent film before the abrasion test was observed visually and unevenness of the 
5 film was measured, whereby no evenness is described as OK and unevenness occurring is described as NG, respec- 
tively, in Table 2. 

[0060] As shown in the table, the contact angle of the silica film surface was 30°, the initial contact angle after the 
water-repellent treatment was 1 08° and the contact angle after the abrasion test was 95°. Regarding surface roughness 
of the silica film it was found that, Ra = 0.4 nm, Rz = 2.9 nm, and regarding the surface roughness after the water-repel- 
w lent treatment it was found that, Ra = 0.3 nm, Rz = 2.8 nm. Regarding the surface roughness of the washed soda lime 
silicate glass substrate before coating of the silica film it was found that, Ra = 0.7 nm, Rz = 8.0 nm. 

[Example 2] 

15 [0061] A water-repellent treated glass was obtained in the same manner as in Example 1 except that the tetraethox- 
ysilane used for the preparation of the silica film treating liquid in Example 1 was substituted with tetramethoxysilane 
(manufactured by Tokyo Kasei). The composition of the silica film treating liquid is shown in Table 1, and the thickness, 
various contact angles and surface roughness of the silica film are shown in Table 2. respectively. 
[0062] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 

20 agent was 31°, the initial contact angle after the water-repellent treatment was 108° and the contact angle after the 
abrasion test was 97°. Regarding surface roughness of the silica film it was found that, Ra = 0.3 nm, Rz = 2.8 nm, and 
regarding the surface roughness after the water-repellent treatment it was found that, Ra = 0.3 nm, Rz = 2.7 nm. 

[Example 3] 

25 

[0063] A water-repellent treated glass was obtained in the same manner as in Example 1 except that the application 
of the silica film treating liquid was conducted by a spray method. 

[0064] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 30°, the initial contact angle after the water-repellent treatment was 108° and the contact angle after the 
30 abrasion test was 95°. Regarding surface roughness of the silica film it was found that, Ra = 0.4 nm, Rz = 3.0 nm, and 
regarding the surface roughness after the water-repellent treatment it was found that, Ra ■ 0.4 nm, Rz = 2.9 nm. 

[Example 4] 

35 [0065] 9.8 g of acetylacetone and 25.4 g of aluminum-tri-sec-butoxide (manufactured by Kanto Kagaku) were dis- 
solved in 64.8 g of ethanol to obtain alumina material liquid in a concentration of 5% by weight in terms of oxides. 
[0066] 0.12 g of the abovementioned alumina material liquid, 0.33 g of tetraethbxysilane, 1 g of concentrated hydro- 
chloric add and 98.5 g of ethanol were mixed to prepare a silica-based film treating liquid. The composition of this silica- 
based film treating liquid is shown in Table 1 . 

40 [0067] A water-repellent treated glass was obtained in the same manner as in Example 1 except that the silica film 
treating liquid in Example 1 was substituted with the abovementioned silica-based film treating liquid. The thickness, 
various contact angles and surface roughness of the silica film are shown in Table 2, respectively. 
[0068] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 31°, the initial contact angle after the water-repellent treatment was 106° and the contact angle after the 

45 abrasion te£t was 1 04°. Regarding surface roughness of the silica film it was found that, Ra = 0.4 nm, Rz = 3.3 nm, and 
regarding the surface roughness after the water-repellent treatment it was found that, Ra = 0.4 nm, Rz = 3.0 nm. 

[Example 5] 

so [0069] 4.1 g of acetylacetone and 17.4 g of zirconium-tetra-n-butoxide (manufactured by Kanto Kagaku) were dis- 
solved in 78.6 g of ethanol to obtain zirconia material liquid in a concentration of 5% by weight in terms of oxides. 
[0070] 0.12 g of the abovementioned zirconia material liquid, 0.33 g of tetraethoxysilane, 1 g of concentrated hydro- 
chloric acid and 98.5 g of ethanol were mixed to prepare a silica-based film treating liquid. The composition of this silica- 
based film treating liquid is shown in Table 1 . 

55 [0071] A water-repellent treated glass was obtained in the same manner as in Example 1 except that the silica film 
treating liquid in Example 1 was substituted with the abovementioned silica-based film treating liquid. The thickness, 
various contact angles and surface roughness of the silica film are shown in Table 2, respectively. 
[0072] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
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agent was 29°, the initial contact angle after the water-repellent treatment was 107° and the contact angle after the 
abrasion test was 1 03°. Regarding surface roughness of the silica film it was found that, Ra = 0.4 nm, Rz = 3.4 nm, and 
regarding the surface roughness after the water-repellent treatment it was found that, Ra = 0.4 nm, Rz = 3.2 nm. 

[Examples 6 through 9] 

[0073] Ethanol (manufactured by NAKARAITESK), tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ltd.) 
and concentrated hydrochloric acid (35% by weight, manufactured by Kanto Kagaku) were compounded in proportions 
shown in Table 3 to obtain silica film treating liquids. The compositions of the silica film treating liquids are shown in 
Table 1. 

[0074] Water-repellent treated glasses were obtained and measurements were conducted in the same manner as in 
Example 1 except that the silica film treating liquid in Example 1 was substituted with the abovementioned silica-based 
film treating liquids: The thickness, various contact angles and surface roughness of the silica films are shown in Table 
2, respectively. 

[Examples 10 through 13] 

[0075] Water-repellent treated glasses were obtained in the same manner as in Example 1 except that 
CF 3 (CF2)7(CH2)2Si(OCH3) 3 (heptadecafluorodecyltrimethoxysilane, manufactured by Toshiba Silicone K.K.) used for 
preparation of the water-repellent treating liquid in Example 1 was substituted with CF 3 (CF 2 )5(CH2)2Si(OCH3) 3 (tride- 
cafluorooctyltrimethoxysilane. manufactured by Toshiba Silicone KK.) in Example 10, CF 3 (CF2) 3 (CH 2 ) 2 SiCI 3 (non- 
afluorohexyltrichlorosilane, manufactured by Chisso K.K.) in Example 11, CF 3 (CF2) 2 Si(OCH 3 ) 3 
(trifluoropropyltrimethoxysilane, manufactured by Chisso K.K.) in Example 12 and CF 3 (CF 2 ) 2 Si(OCH 3 ) 3 (trifluoropro- 
pyltrimethoxysilane, manufactured by Chisso K.K.) in Example 1 3, respectively. The various contact angles and the like 
are shown in Table 2. 

[0076] As shown in Table 2, the initial contact angles after the water-repellent treatment were 80 to 1 07° and the con- 
tact angles after the abrasion test were 75 to 97°, and water-repellent films excellent in abrasion resistance were 
obtained. 

[Examples 14 through 18] 

[0077] Glasses having water-repellent performance and low abrasion resistance were obtained in the same manner 
as in Example 1 except that CF 3 (CF2)7(CH 2 )2Si(OCH3)3 (heptadecafluorodecyltrimethoxysilane, manufactured by 
Toshiba Silicone K.K.) used for preparation of the water-repellent treating liquid in Example 1 was substituted with an 
alkyl silane. The compositions of the glasses having a water-repellent performance and low abrasion resistance are 
shown in Table 4. 

[0078] The initial contact angle and the contact angle after the abrasion test were measured on these glasses having 
a water-repellent performance and low abrasion resistance. A dry cloth was attached to an abrasion coefficient meas- 
uring apparatus (manufactured by Shinto Kagaku) and the abrasion coefficient between the surface of the film and the 
dry doth was measured. These measurement results are shown in Table 5. As shown in Table 5, the difference between 
the initial contact angle after the water-repellent treatment and the contact angie after the abrasion test was very small, 
and deterioration in water-repellent performance was scarcely observed. The abrasion coefficients with the dry doth 
were from 0.2 to 0.25, namely glasses having smaller abrasion coefficients were obtained as compared with the glass 
treated by the organosilane having a f luoroalkyl group with an abrasion coeff ident of 0.36 and the usual glass untreated 
having an abrasion coefficient of 0.42. The abrasion coefficients after the abrasion test revealed almost no change as 
compared with before the abrasion test 

[Example 19] 

[0079] A functional film having a lower critical indined angle at which a water drop starts to roll and manifesting poor 
pollution adsorption or adhesion was obtained in the same manner as in Example 1 except that 
CF 3 (CF2)7(CH 2 ) 2 Si(OCH3) 3 (heptadecafluorodecyltrimethoxysilane, manufactured by Toshiba Silicone K.K.) used for 
preparation of the water-repellent treating liquid in Example 1 was substituted with [methoxy(polyethyleneoxy)propyl]tri- 
methoxysilane (manufactured by Chisso K.K.. content: 90%, molecular weight: 460 to 590, ethylene oxide unit number: 
6 to 9). 

[0080] The contact angle of the abovementioned functional film was 38°. For obtaining a critical inclined angle which 
is a measure of the tendency for a water drop to roll, the resulting functional film treated glass sample was placed hor- 
izontally, a water drop having a diameter of 5 mm was placed on this plate, it was gradually inclined and the inclined 
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angle from the horizontal position when the water drop started to roll was measured. This was an angle of 4°, namely, 
the surface on which a water drop rolls very easily was obtained. Furthermore, the contact angle after the abrasion test 
was 38° and the critical inclined angle after the abrasion test was 4°, namely, almost the same abilities as before the 
abrasion test were maintained. 

5 

[Comparative Example 1] 

[0081 ] 0.05 g of tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ud.) and 1 g of concentrated hydrochloric 
acid (35% by weight, manufactured by Kanto Kagaku) were added to 99 g of ethanol (manufactured by NAKARAITESK) 
w while stirring to obtain a silica film treating liquid. The composition of the silica film treating liquid is shown in Table 1 . 
[0082] A water-repellent treated glass was obtained and measurements were conducted in the same manner as in 
Example 1 except that the silica film treating liquid in Example 1 was substituted with the abovementioned silica-based 
film treating liquids. The thickness, various contact angles and surface roughness of the silica films are shown in Table 
2, respectively. 

15 [0083] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 29°, the initial contact angle after the water-repellent treatment was 105° and the contact angle after the 
abrasion test was 60°, namely, it is known that the water-repellent performance after the abrasion test decreases. 
Regarding surface roughness of the silica fflm it was found that Ra = 0.5 nm, Rz = 6.2 nm, and regarding the surface 
roughness after the water-repellent treatment it was found that, Ra = 0.5 nm, Rz = 6.0 nm. It is known that smoothness 

20 of the film is poor since Rz of the silica film and Rz of the water-repellent film are both over 5.0 nm. 

[Comparative Example 2] 

[0084] 4 g of tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ltd.) and 1 g of concentrated hydrochloric 
25 acid (35% by weight, manufactured by Kanto Kagaku) were added to 95 g of ethanol (manufactured by NAKARAITESK) 
while stirring to obtain a silica film treating liquid. The composition of the silica film treating liquid is shown in Table 1 . 
[0085] A water-repellent treated glass was obtained and measurements were conducted in the same manner as in 
Example 1 except that the silica film treating liquid in Example 1 was substituted with the abovementioned silica-based 
film treating liquids. The thickness, various contact angles and surface roughness of the silica films are shown in Table 
30 2, respectively. 

[0086] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 25°, the initial contact angle after the water-repellent treatment was 110° and the contact angle after the 
abrasion test was 80°, namely, it is known that the water-repellent performance after the abrasion test decreases. 
Regarding surface roughness of the silica f Om it was found that, Ra = 0.9 nm, Rz = 8.8 nm, and regarding the surface 
35 roughness after the water-repellent treatment it was found that, Ra = 0.8 nm, Rz = 9.0 nm. It is known that smoothness 
of the film is poor since Ra and Rz of the silica film and the water-repellent film are over 9.0 nm and 5.0 nm, respectively. 
Furthermore, the resulting water-repellent film revealed unevenness. 

[Comparative Example 3] 

40 

[0087] 0.4 g of tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ud.) and 0.5 g of 0. 1 normality hydrochlo- 
ric acid were added to 99.1 g of ethanol (manufactured by NAKARAITESK) while stirring to obtain silica film treating 
liquid. The composition of the silica film treating liquid is shown in Table 1. 

[0088] A water-repellent treated glass was obtained and measurements were conducted in the same manner as in 
45 Example 1 except that the silica f Om treating liquid in Example 1 was substituted with the abovementioned silica-based 
film treating liquids. The thickness, various contact angles and surface roughness of the silica films are shown in Table 
2, respectively 

[0089] . As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 24°, the initial contact angle after the water-repellent treatment was 110° and the contact angle after the 
so abrasion test was 70°, namely, it is known that the water-repellent performance after the abrasion test decreases. 
Regarding surface roughness of the silica film it was found that, Ra = 0.8 nm, Rz = 1 1 .0 nm, and regarding the surface 
roughness after the water-repellent treatment it was found that, Ra = 0.8 nm. Rz = 1CX5 nm, namely smoothness of the 
film was poor since Ra and Rz of the silica fflm and the water-repellent film were both over 5.0 nm and 5.0 nm. 

55 [Comparative Example 4] 

[0090] 0.4 g of tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ltd.) and 20 g of concentrated hydrochloric 
acid (35% by weight, manufactured by Kanto Kagaku) were added to 89.6 g of ethanol (manufactured by NAKARA- 
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ITESK) while stirring to obtain a silica film treating liquid. The composition of the silica film treating liquid is shown in 
Table 1. 

[0091] A water-repellent treated glass was obtained and measurements were conducted in the same manner as in 
Example 1 except that the silica film treating liquid in Example 1 was substituted with the abovementioned silica-based 
film treating liquids. The thickness, various contact angles and surface roughness of the silica films are shown in Table 
2, respectively. 

[0092] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 32°, the initial contact angle after the water-repellent treatment was 107° and the contact angle after the 
abrasion test was 87°, namely, it is known that the water-repellent performance after the abrasion test decreases. Fur- 
thermore, the resulting film revealed unevenness in thickness. Regarding surface roughness of the silica film it was 
found that, Ra = 0.7 nm, Rz = 9.8 nm, and regarding the surface roughness after the water-repellent treatment it was 
found that. Ra = 0.7 nm, Rz = 9.8 nm, namely smoothness of the film was poor since Ra and Rz of the silica film and 
the water-repellent film were both over 5.0 nm and 5.0 nm. 

[Comparative Example 5] 

[0093] 0.4 g of tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ltd.) and 70 g of a hydrochloric acid meth- 
anol solution (10% by weight, manufactured by Kanto Kagaku) were added to 29.6 g of ethanol (manufactured by 
NAKARAITESK) while stirring to obtain a silica film treating liquid. The composition of the silica film treating liquid is 
shown in Table "L 

[0094] A water-repellent treated glass was obtained and measurements were conducted in the same manner as in 
Example 1 except that the silica film treating liquid in Example 1 was substituted with the abovementioned silica-based 
film treating liquids. The thickness, various contact angles and surface roughness of the silica films are shown in Table 
2, respectively. 

[0095] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 30°, the initial contact angle after the water-repellent treatment was 108° and the contact angle after the 
abrasion test was 88°. namely, it is known that the water-repellent performance after the abrasion test decreases. Fur- 
thermore, the resulting film revealed unevenness in thickness. Regarding surface roughness of the silica film it was 
found that, Ra = 0.7 nm, Rz = 8.8 nm, and regarding the surface roughness after the water-repellent treatment it was 
found that, Ra = 0.7 nm, Rz = 7.8 nm, namely smoothness of the film was poor since Ra and Rz of the silica film and 
the water-repellent film were both over 5.0 nm and 5.0 nm. 

[Comparative Example 6] 

[0096] 0.4 g of tetraethoxysilane (manufactured by Shin-Etsu Silicone Co., Ltd.) and 1 g of concentrated hydrochloric 
acid (35% by weight, manufactured by Kanto Kagaku) were added to 86.25 g of ethanol (manufactured by NAKARA- 
ITESK) while stirring to obtain a silica film treating liquid. The composition of the silica film treating liquid is shown in 
Table 1. 

[0097] A water-repellent treated glass was obtained and measurements were conducted in the same manner as in 
Example 1 except that the silica film treating liquid in Example 1 was substituted with the abovementioned silica-based 
film treating liquids. The thickness, various contact angles and surface roughness of the silica films are shown in Table 
2, respectively. 

[0098] . As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 32°, the initial contact angle after the water-repellent treatment was 109° and the contact angle after the 
abrasion test was 86°, namely, it is known that the water-repellent performance after the abrasion test decreases. Fur- 
thermore, the resulting film revealed unevenness in thickness. Regarding surface roughness of the silica film it was 
found that, Ra = 0.6 nm, Rz = 9.8 nm, and regarding the surface roughness after the water-repellent treatment it was 
found that, Ra = 0.7 nm, Rz = 10.8 nm, namely smoothness of the film was poor since Ra and Rz of the silica film and 
the water-repellent film were both over 5.0 nm and 5.0 nm. 

[Comparative Example 7] 

[0099] 96 g of ethanol (manufactured by NAKARAITESK) was mixed with 4 g of a hydrolyzate (average molecular 
weight: 408.5. "HAS-1 0", manufactured by Colcoat K.K. , silica content: 1 0% by weight) of ethyl silicate (average polym- 
erization degree: about 5) to obtain silica film treating liquid. The composition of the silica film treating liquid is shown 
in Table 1 . This silica f flm treating liquid was applied on a washed glass plate (300 x 300 mm) by flow coat at a humidity 
of 30% and at room temperature, and dried for about 1 minute. Then, the substrate was baked for 1 hour at 600°C to 
obtain a silica film. The hardness of the silica film before the baking was measured in terms of pencil hardness. The 
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film was scratched with a pencil having a "B" core and a flaw was found, however, when the film was scratched with a 
pencil having an "H" core, no flaw was formed. 

[01 00] Furthermore, this silica-film coated glass was washed by a supersonic wave in pure water for 1 0 minutes, and 
dried, then, the water-repellent treatment was conducted in the same manner as in Example 1 to obtain a water-repel- 
lent glass. 

[0101] As shown in Table 2, the contact angle of the silica film surface before the application of the water-repellent 
agent was 2°, the initial contact angle after the water-repellent treatment was 1 06° and the contact angle after the abra- 
sion test was 50°, namely, it is known that the water-repellent performance after the abrasion test decreases signifi- 
cantly. Regarding surface roughness of the silica film it was found that, Ra = 0.9 nm, Rz = 12.1 nm, and regarding the 
surface roughness after the water-repellent treatment it was found that, Ra = 0.8 nm, Rz = 10.3 nm, namely smooth- 
ness of the f flm was poor since Ra and Rz of the silica film and the water-repellent film were both over 5.0 nm and 5.0 
nm. 

[Comparative Example 8] 

[0102] A glass having a water-repellent performance and low abrasion resistance was obtained in the same manner 
as in Example 1 5 except that the silica film applying step was not conducted in Example 1 5. The various contact angles 
and the like are shown in Table 5. 

[0103] As shown in Table 5, the initial contact angle after the water-repellent treatment was 95° equivalent to that of 
the glass in Example 15, however, the contact angle after the abrasion test was 55° which was extremely lower when 
compared with the value (90°) of the glass in Example 15. namely, the film was poor in abrasion resistance. The abra- 
sion resistance after the abrasion test was 0.45, namely, the low abrasion resistance function was also lost. 

[Comparative Example 9] 

[0104] A glass having a water-repellent performance and low abrasion resistance was obtained in the same manner 
as in Example 1 9 except that the silica film applying step was not conducted in Example 1 9. The various contact angles 
and the like are shown in Table 5. This functional film had a contact angle of 38° and a critical incline angle of 4°, both 
are equivalent to the values measured in Example 1 9. However, the functional film after the abrasion test had a contact 
angle of 22° and a critical incline angle of 25°. namely, the abrasion resistance was poor since the decrease in the con- 
tact angle and the increase in the critical contact angle were remarkable. 
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[Table 1] 



5 


tetraalkoxysilane (in terms of 
SiC>2)(% by weight) 


aluminum tributox- 
kJe(in terms of 
Al 2 0 3 )(%by 
weight) 


zirconium tetrabu- 
toxide (in terms of 
Zr0 2 ) (% by 
weight) 


hydrochloric acid 
(normality) 


water (% by weight) 




Example I 


10 


1 


0.12 


0 


0 


0.09 






2 


0.16 


0 


0 


0.09 


0.7 




3 


0.12 


0 


0 


0.09 


0.7 


15 


4 
5 


0.095 
0.095 


0.006 
0 


0 

0.006 


0.09 
0.09 


0.8 
0.8 




6 


0.014 


0 


0 


0.05 


0.5 




7 


0.058 


0 


0 


0.005 


0.5 


20 


8 


0.58 


0 


0 


0.2 


2.0 




9 


2.3 


0 


0 


0.5 


5.0 




Comparative example 


25 


1 
2 


0.003 
4.3 


0 
0 


0 
0 


0.09 
0.09 


0.7 
0.6 




3 


0.12 


0 


0 


0.0004 


0.5 




4 


0.12 


0 


0 


2.0 


13.0 


30 


5 


0.12 


0 


0 


2.0 


0.5 




6 


0.12 


0 


0 


0.09 


13.0 




7 


0.12 


0 


0 


0.00003 


0.3 



35 



40 



45 



50 
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Fable 2] 



5 



15 



25 



35 



40 



Silica-based film 


water-repellent treated glass 




film thick- 
ness (nm) 


contact angle 
(deg.) 


surface 
roughness 

Ra/Rz 
(nm)/(nm) 


initial contact 
angle (deg.) 


contact angle 
after abra- 
sion test 
(deg.) 


surface 
roughness 

Ra/Rz 
(nm)/(nm) 


appearance 


Example 


1 


40 


30 


0.4/2.9 


108 


95 


0.3/2.8 


OK 


2 


40 


31 


0.3/2.8 


108 


97 


0.3/2.7 


OK 


3 


40 


30 


0.4/3.0 


108 


95 


0.4/2.9 


OK 


4 


40 


31 


0.4/3.3 


106 


104 


0.4/3.0 


OK 


5 


35 


29 


0.4/3.4 


107 


103 


0.4/3.2 


OK 


6 


15 


28 


0.4/3.2 


106 


93 


0.4/3.0 


OK 


7 


30 


30 


0.3/3.3 


107 


91 


0.3/3.2 


OK 


8 


100 


28 


0.3/2.8 


108 


98 


0.3/2.7 


OK 


9 


250 


27 


0.3/2.4 


108 


90 


0.3/2.3 


OK 


10 


40 


30 


0.4/2.9 


107 


97 


0.3/2.8 


OK 


11 


40 


30 


0.4/2.9 


101 


90 


0.3/2.8 


OK 


12 


40 


30 


0.4/2.9 


95 


88 


0.3/2.8 


OK 


13 


40 


30 


0.4/2.9 


80 


75 


0.3/2.8 


OK 


Comparative example 


1 


5 or less 


29 


0.5/6.2 


105 


60 


0.5/6.0 


OK 


2 


300 


25 


0.9/8.8 


110 


80 


0.8/9.0 


NG 


3 


45 


24 


0.8/11.0 


110 


70 


0.8/10.5 


OK 


4 


40 


32 


0.7/9.8 


107 


87 


0.7/8.9 


NG 


5 


40 


30 


0.7/8.8 


108 


88 


0.7/7.8 


NG 


6 


40 


32 


0.6/9.8 ' 


109 


86 


0.7/10.8 


NG 


7 


40 


2 


0.9/12.1 


106 


50 


0.8/10.3 


OK 



Claims 

45 1. A method for producing a silica-based fi!m-coated article comprising an application on a substrate coating liquid 
composed of an alcohol solution containing; 

(A) at least one of either a silicon aikoxide or a hydrolyzate thereof (including a partial hydrolyzate), 0.010 to 
3% by weight (in terms of silica) 
so (B) an acid 0.001 0 to 1 .0 normality, arid 

(C) water 0 to 10% by weight. 

2. A method for producing a silica-based film-coated article according to Claim 1 , wherein said coating liquid contains 
(A) at least one of either the silicon aikoxide or the hydrolyzate (including a partial hydrolyzate) and (B) an acid, in 

55 a proportion of [the component (B) (normalityythe component (A) (% by weight)] of 0.010 or more. 

3. A method for producing a silica-based film-coated article according to Claim 1 or 2, wherein said coating liquid con- 
tains the acid (B) and water (C) in an amount of [the component (B) (normality) x the component (C) (% by weight)] 
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of 0.0020 or more. 

4. A method for producing a silica-based film-coated article according to any of Claims 1 through 3, wherein said coat- 
ing liquid contains 

(A) at least one of either a silicon alkoxide or a hydrolyzate thereof (including a partial hydrolyzate), 0.010 to 
0.6% by weight (in terms of silica) 

(B) an acid 0.0010 to 1.0 normality, and 

(C) water 0 to 2% by weight. 

5. A method for producing a silica-based film-coated article according to any of Claims 1 through 4, wherein in said 
coating liquid, the acid in an amount of 0.3-fold or more of water content, and the silicon alkoxide are dissolved in 
alcohol. 

6. A method for producing a silica-based film-coated article according to any of Claims 1 through 5, wherein said com- 
ponent (A) is at least one of either tetramethoxysilane, tetraethoxysilane or a hydrolyzate thereof (inclucfing a partial 
hydrolyzate), and said component (B) is hydrochloric acid. 

7. A method for producing a silica-based film-coated article according to any of Claims 1 through 6, wherein said com- 
ponent (A) is substituted at a maximum amount of 30% by weight in terms of an oxide with a chelated compound 
of an alkoxide of a metal other than silicon in which p-diketone, acetic acid, trifluoroacetic acid or ethanolamine con- 
stitutes a ligand. 

8. A method for producing a silica-based film-coated article according to Claim 7, wherein the p-diketone of said lig- 
and is acetylaceton. 

9. A method for producing a silica-based film-coated article according to Claim 7 or 8, wherein said metal alkoxide is 
an alkoxide of aluminum or zirconium. 

10. A method for producing a silica-based film-coated article according to any of Claims 1 through 9, wherein said coat- 
ing liquid has a pH from 0 to 3. 

11- A method for producing a silica-based film-coated article according to any of Claims 1 through 10, wherein a film 
of said coating liquid applied on said substrate is dried at normal temperatures or at a temperature of 1 50°C or less. 

12. A method for producing a silica-based film-coated article according to Claim 11, wherein said coating liquid is 
applied on the surface of said substrate so that said applied film manifests a thickness of 5 to 300 nm after drying. 

13. A method for producing a silica-based film-coated article according to any of Claims 1 through 12, wherein said 
substrate is a transparent glass sheet. 

14. A silica-based film coated article having a static water drop contact angle of 20 to 40° obtained by the method 
according to any of Claims 1 through 13. 

15. A silica-based film coated article wherein the surface thereof has an arithmetical mean roughness of (Ra) = 0.10 
nm -0.5 nm and a ten points mean roughness (Rz) = 1 .0 nm -5.0 nm obtained by the method according to any of 
Claims 1 through 13. 

16. A silica-based film coated article comprising a substrate and a silica-based film mainly consisting of a silicon oxide 
coated by a sol-gel method onto the surface of said substrate, wherein the surface of the film has an arithmetical 
mean roughness of (Ra) = 0.10 nm -0.5 nm and a ten points mean roughness of (Rz) = 1.0 nm -5.0 nm. 

17. A method for producing a functional film coated article comprising further application of a composition for a func- 
tional f flm onto the surface of the silica-based film coated article obtained by the method according to any of Claims 
1 through 13. 

18. A method for producing a functional film coated article according to Claim 17 wherein said composition for a func- 
tional film contains at least one of an organosilane having a hydrolyzable functional group and a functional group 
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having a specific function and a hydrolyzate thereof (including a partial hydrolyzate). 

19. A method for producing a functional film coated article according to Claim 18 wherein said hydrolyzable functional 
group is an alkoxyl group. 

5 

20. A method for producing a functional film coated article according to Claim 17 wherein said composition for a func- 
tional film is a composition for forming a water-repellent film. 

21 . A method for producing a functional film coated article according to Claim 20 wherein said composition for forming 
10 a water-repellent film contains at least one of either (A) an organosilane containing an alkoxyl group and a f luoro- 

alkyl group in the molecule or (B) a hydrolyzate thereof (including a partial hydrolyzate). 

22. A method for producing a functional film coated article according to Claim 17 wherein said composition for a func- 
tional film is a composition for forming a film having a water-repellent performance and low abrasion resistance. 

15 

23. A method tor producing a functional film coated article according to Claim 22 wherein said composition for forming 
a film having a water-repellent performance and low abrasion resistance contains at least one of either (A) an orga- 
nosilane containing an alkoxyl group and an alkyl group in the molecule or (B) a hydrolyzate thereof (including a 
partial hydrolyzate). 

20 

24. A method for producing a functional film -coated article according to Claim 17 wherein said composition for a func- 
tional film is a composition for forming a film which manifests excellent rolling property of a water drop and has pol- 
lution resistance. 

25 25. A method for producing a functional film coated article according to Claim 24 wherein said composition for forming 
a film which manifests excellent rolling property of a water drop and has pollution resistance contains at least one 
of either (A) an organosilane containing an alkoxyl group and a polyalkytene oxide group in the molecule or a hydro- 
lyzate thereof (including a partial hydrolyzate). 

30 26. A functional film coated article obtained by a method according to any of Claims 1 7 through 25. 

27. A functional film coated article obtained by a method according to any of Claims 1 7 through 25, wherein the surface 
of the film has an arithmetical mean roughness of (Ra) = 0. 1 0 -0.5 nm and a ten points mean roughness of (Rz) = 
1.0 nm- 5.0 nm. 

35 

28. A liquid composition for silica-based film coating comprising 

(A) at least one of either a silicon alkoxide or a hydrolyzate thereof (including a partial hydrolyzate), 0.010 to 
3% by weight (in terms of silica) 
40 (B) an acid 0.001 0 to 1 .0 normality, and 

(C) water 0 to 10% by weight, 

(D) alcohol remaining. 



45 



50 



55 
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